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Objective: In adults, early traumatic coagulopathy and shock 
are both common and independently associated with mortality. 
There are little data regarding both the incidence and association 
of early coagulopathy and shock on outcomes in pediatric patients 
with traumatic injuries. Our objective was to determine whether 
coagulopathy and shock on admission are independently associ-
ated with mortality in children with traumatic injuries.

Methods: A retrospective review of the Joint Theater Trauma 
Registry from U.S. combat support hospitals in Iraq and Afghanistan 
from 2002 to 2009 was performed. Coagulopathy was defined as an 
international normalized ratio of $1.5 and shock as a base deficit of 
$6. Laboratory values were measured on admission. Primary out-
come was inhospital mortality. Univariate analyses were performed 
on all admission variables followed by reverse stepwise multivari-
ate logistic regression to determine independent associations.

Setting: Combat support hospitals in Iraq and Afghanistan.
Patients: Patients <18 yrs of age with Injury Severity Score, in-

ternational normalized ratio, base deficit, and inhospital mortality 
were included. Of 1998 in the cohort, 744 (37%) had a complete set 
of data for analysis.

Intervention: None.
Measurements and Main Results: The incidence of early co-

agulopathy and shock were 27% and 38.3% and associated with 
mortality of 22% and 16.8%, respectively. After multivariate logis-
tic regression, early coagulopathy had an odds ratio of 2.2 (95% 
confidence interval 1.1– 4.5) and early shock had an odds ratio of 
3.0 (95% confidence interval 1.2–7.5) for mortality. Patients with 
coagulopathy and shock had an odds ratio of 3.8 (95% confidence 
interval 2.0–7.4) for mortality.

Conclusions: In children with traumatic injuries treated at com-
bat support hospitals, coagulopathy and shock on admission are 
common and independently associated with a high incidence of in-
hospital mortality. Future studies are needed to determine whether 
more rapid and accurate methods of measuring coagulopathy and 
shock as well as if early goal-directed treatment of these states 
can improve outcomes in children. (Pediatr Crit Care Med 2012; 
13:273–277)
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Trauma remains one of the most 
common causes of death in all 
age groups, but this is especially 
true in the pediatric population. 

Traumatic injury is the leading cause of 

death in the United States for patients 1–40 
yrs of age (1). Greater than 45% of deaths 
in children aged 1–14 yrs in the United 
States are secondary to trauma (1). Up to 
47% of these deaths are related to motor 
vehicle crashes with the rates increasing 
through adolescence (1). The most com-
mon cause of death in pediatric trauma in 
the United States has been shown to be 
traumatic brain injury (2). Although the 
incidence of death from hemorrhage with 
traumatic injuries has not been described 
in children, it is the second most common 
cause of death and the most common 
cause of medically preventable deaths in 
adults (3). Children account for 4% to 7% 
of all admissions to U.S. military hospitals 
in Afghanistan and Iraq and account for 
10% to 12% of all hospital bed days (4, 5). 
In both combat areas, the most common 
causes of death are traumatic brain injury 
(29%) and burns (27%) (6).

The “lethal triad” of trauma empha-
sizes the relationship among acidosis, 
hypothermia, and coagulopathy and their 

association with increased risk of death 
in adults (3, 7, 8). In adult severe trauma 
patients, coagulopathy on admission is 
both common and independently associ-
ated with mortality (9). In adult trauma 
and pediatric burn patients, indicators of 
shock or acidosis have also been indepen-
dently associated with increased mortality 
(10–12). The relationship among acidosis, 
coagulopathy, severity of injury, and mor-
tality has not been examined simultane-
ously in a pediatric trauma population. 
We hypothesize that admission measures 
of coagulopathy and shock, as measured 
by the international normalized ratio 
(INR) and base deficit (BD), will be inde-
pendently associated with increased mor-
tality in children with traumatic injuries 
independent of severity of injury.

MATERIALS AND METHODS

A retrospective review of the Joint Theater 
Trauma Registry from U.S. combat support 
hospitals in Iraq and Afghanistan from 2002 
to 2009 was performed. The Joint Theater 

*See also p. 353.
From the Connecticut Children’s Medical Center 

(JTP), Hartford, CT; Children’s Hospital Boston (MAB), 
Boston, MA, and Brooke Army Medical Center, San 
Antonio, TX; Cologne University Medical Center (MM), 
Cologne, Germany; the University of Texas (CEN), Center 
for Translational Injury Research, Houston, TX; U.S. 
Army Institute of Surgical Research (LHB, PCS), San 
Antonio, TX; Blood Systems Research Institute (PCS), 
San Francisco, CA; and Washington University in St. 
Louis (PCS), St. Louis, MO.

The views and opinions expressed in this article 
are those of the authors and do not reflect the official 
policy or position of the Army Medical Department, 
Department of the Army, the Department of Defense, 
or the U.S. Government. The authors have not disclosed 
any potential conflicts of interest.

For information regarding this article, E-mail: 
Jpatregnani@gmail.com

Copyright © 2011 by the Society of Critical Care 
Medicine and the World Federation of Pediatric Intensive 
and Critical Care Societies

DOI: 10.1097/PCC.0b013e31822f1727

       



Report Documentation Page Form Approved
OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information  Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302  Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number  

1. REPORT DATE 
01 MAY 2012 

2. REPORT TYPE 
N/A 

3. DATES COVERED 
  -   

4. TITLE AND SUBTITLE 
Coagulopathy and shock on admission is associated with mortality for
children with traumatic injuries at combat support hospitals 

5a. CONTRACT NUMBER 

5b. GRANT NUMBER 

5c. PROGRAM ELEMENT NUMBER 

6. AUTHOR(S) 
Patregnani J. T., Borgman M. A., Maegele M., Wade C. E., Blackbourne
L. H., Spinella P. C., 

5d. PROJECT NUMBER 

5e. TASK NUMBER 

5f. WORK UNIT NUMBER 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
United States Army Institute of Surgical Research, JBSA Fort Sam
Houston, TX 

8. PERFORMING ORGANIZATION
REPORT NUMBER 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S) 

11. SPONSOR/MONITOR’S REPORT 
NUMBER(S) 

12. DISTRIBUTION/AVAILABILITY STATEMENT 
Approved for public release, distribution unlimited 

13. SUPPLEMENTARY NOTES 

14. ABSTRACT 

15. SUBJECT TERMS 

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 
ABSTRACT 

UU 

18. NUMBER
OF PAGES 

5 

19a. NAME OF
RESPONSIBLE PERSON 

a  REPORT 
unclassified 

b  ABSTRACT 
unclassified 

c  THIS PAGE 
unclassified 

Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std Z39-18 







276 Pediatr Crit Care Med 2012 Vol. 13, No. 3

coagulopathy or shock were found to have 
significantly worse inhospital mortality 
independent of injury severity. In children 
with more severe injuries as measured by 
ISS, there was an increased incidence of 
coagulopathy and shock with correspond-
ing increased mortality as can be noted on 
Table 2 (7, 9).

Recently, mechanisms have been de-
scribed that indicate early hypoperfusion 
or shock leads to coagulopathy through 
activated protein C and other anticoagu-
lant pathways (24). In general, these re-
views indicate that local hypoperfusion is 
associated with increased endothelial in-
jury, leading to increased activated protein 
C and tissue plasminogen activator con-
centrations on admission in patients with 
severe traumatic injury (24, 25). There 
is also evidence that this early trauma-
induced coagulopathy is associated with 
decreased tissue factor pathway inhibitor 
and tissue activated fibrinolysis inhibitor 
concentrations (24, 25). Therefore, there 
appears to be a link between early shock 
and coagulopathy that provides biologic 
plausibility for our results. This relation-
ship between admission shock and coagu-
lopathy has been previously reported in 
adults, and is just one of many potential 
causes for coagulopathy in trauma pa-
tients (24, 25). The realization that there 
are many factors that contribute to co-
agulopathy is a plausible explanation for 
why there is a weak correlation between 
INR and BD in our cohort and that not all 
patients with shock also present with co-
agulopathy and that not all coagulopathic 
patients are in shock.

Our analysis identifies reversible fac-
tors that, if recognized and treated early 
and aggressively, may improve outcomes 
in children with severe traumatic injuries. 
Spinella and Holcomb (3) have recently re-
viewed the controversial concept of dam-
age control resuscitation, which includes 

the early and increased use of plasma and 
platelets and the avoidance of older red 
blood cells for patients with massive bleed-
ing. This approach is intended to correct 
early coagulopathy and shock and has been 
independently associated with improved 
survival and decreased death from hem-
orrhage in multiple retrospective studies 
(3, 26). In addition, studies by Nunez and 
Cotton have both documented that the use 
of massive transfusion protocols that use 
damage control resuscitation strategies 
were associated with improved outcomes 
in patients who have coagulopathy and 
shock addressed early (23). Pediatric mas-
sive transfusion protocols have also been 
recently described that use the concepts of 
damage control resuscitation (3). Recent 
evidence indicates that the transfusion 
of fresh compared with older red blood 
cells improves oxygen delivery, reverses 
shock, and is independently associated 
with decreased mortality and death from 
multiorgan failure (27–33). Two large pe-
diatric retrospective studies also indicate 
decreased new or progressive organ failure 
was associated with the transfusion of fresh 
red blood cells (34, 35). Prospective studies 
are being performed or are in development 
to determine whether the reversal of shock 
with red blood cells of decreased storage 
duration improves outcomes in both criti-
cally ill children and adults (36).

There are several limitations to our 
study. First, penetrating injuries were 
more common in this cohort than blunt 
injuries, which may limit its generalizabil-
ity, because the injuries associated with 
pediatric trauma in the United States are 
predominantly blunt in nature (1). In ad-
dition, the Joint Theater Trauma Registry 
does not take into account the prehospi-
tal transport time, which could potential-
ly alter the patient’s physiological state 
on admission. We also were not able to 
identify which patients were part of mass 

casualty events. The retrospective nature 
of this analysis may have also introduced 
selection bias. Those who did not have 
admission BD and INR values sampled 
could be dissimilar regarding severity of 
injury and risk of early coagulopathy or 
shock. Although the patients included in 
the analysis had increased age, increased 
ISS, and increased arterial saturation of 
peripheral oxygen, there were no signifi-
cant differences in INR, BD, or mortality 
measured when compared with patients 
not included. There was an increased in-
cidence of severe TBI, according to head 
AIS, noted in the cohort that was used. 
This indicates some selection bias in our 
model. Because the variables measured 
in the Joint Theater Trauma Registry 
were limited, there is still a potential for 
additional selection bias, which may have 
affected the accuracy of our multivariate 
logistic regression analysis. In particular, 
temperature was recorded for 77% (577 
of 744) of the patients analyzed and there 
was a nonsignificant trend for increased 
hypothermia in nonsurvivors. However, 
the overall incidence of hypothermia was 
relatively low (2.9%), and there were only 
two nonsurvivors in our database that 
had documented hypothermia. We ap-
propriately chose to not include admis-
sion temperature as a mandatory variable 
for patient inclusion in this study based 
on recent analyses (post-2005) indicat-
ing that admission temperature was not 
associated with mortality in casualties 
treated at combat support hospitals (5, 7, 
13, 14). Our results that admission hypo-
thermia was not associated with mortal-
ity are likely a result of the low frequency 
of hypothermia in our cohort rather than 
the lack of a relationship between hypo-
thermia on admission and risk of mortal-
ity in children. Finally, we recognize that 
our definition of shock according to a BD 
value of 6 is arbitrary. This threshold 
has been used previously and is more 
conservative than other definitions (10-
13, 37).

Future research is needed to deter-
mine whether early detection and cor-
rection of coagulopathy and shock can 
improve outcomes and if so, which in-
terventions can optimally reverse these 
conditions. In addition, prehospital 
methods that might reduce the risk 
of developing early coagulopathy and 
shock also require study. Unfortunately, 
the standard trauma databases used by 
all Level I-verified American College 
of Surgeons pediatric trauma centers do  
not require the collection of measures of  

Figure 3. Mortality according to admission base deficit (mEq/L). Error bars represent 95% confidence 
interval. INR, international normalized ratio.
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shock and coagulopathy nor does it 
require transfusion data. This must 
change if we are going to perform more 
robust outcomes analyses for children 
with traumatic injuries. Finally, predic-
tive tools that incorporate both physi-
ological variables and anatomic severity 
of injury scores need to be developed 
in children with traumatic injuries to 
improve their accuracy because it ap-
pears that measures of coagulopathy 
and shock are associated with mortality. 
A scoring system to classify specifically 
which pediatric patients are at highest 
risk for mortality may have clinical use 
and be valuable for research and quality 
assurance projects.

CONCLUSIONS

In this study, we have demonstrated 
the association of early coagulopathy and 
shock with mortality in a pediatric trau-
ma population. Future studies are needed 
to assess whether early, goal-directed 
treatment can improve outcomes in these 
patients.
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